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APPENDIX G.  
IMPACT PROBABILITIES  

G.1 PURPOSE OF THIS APPENDIX 

This appendix describes the method by which payload and spent stage impact probabilities are 

calculated for National Aeronautics and Space Administration (NASA) Sounding Rockets 

Program launches.  This information was used to support various resource area impact analyses 

in the Final Environmental Impact Statement for the NASA Sounding Rockets Program at Poker 

Flat Research Range (PFRR EIS). 

G.2 PROBABILITY OF IMPACT WITHIN DIFFERENT AREAS OF CONCERN 

Typical impact points were analyzed for seven different distances from the Poker Flat Research 

Range (PFRR) launch site, covering a range of possible launch vehicles, both to determine the 

probability of a spent stage or payload landing within a number of potential areas of concern and 

to develop search and recovery scenarios.  These impact points represent composite points for a 

number of rocket launches from PFRR over approximately the past 10 years.  They are not 

intended to represent the predicted impact points for all future launches from PFRR, but are 

intended to show the typical distances flown by the different launch vehicles in use at PFRR and 

the relative uncertainty associated with predicted impact points at various distances from the 

launch site.  The distances analyzed are as follows: 

 2 kilometers (1.2 miles) ï 1st stage of Black Brant (BB) IX or BBXII  

 3 kilometers (1.9 miles) ï 1st stage of BBX 

 13 kilometers (8.1 miles) ï 1st stage of Terrier-Orion or Terrier-Improved Orion or 2nd 

stage of BBXII  

 55 kilometers (35 miles) ï Orion 

 200 kilometers (120 miles) ï 2nd stage of Terrier-Orion 

 300 kilometers (180 miles) ï 2nd stage of BBIX or BBX 

 350 kilometers (220 miles) ï 3rd stage of BBXII or 2nd stage of Terrier-Improved Orion 

 1,000 kilometers (620 miles) ï 3rd stage of BBX or 4th stage of BBXII  

The potential impact areas were determined using downrange and cross-range dispersion 

estimates from past NASA launches at PFRR.  During the launch sequence, NASA calculates the 

estimated impact points for the stages and the payload based on information known about the 

launch (e.g., azimuth, payload weight, direction, and wind speed).  These calculations provide a 

starting point for any subsequent searches.  Note that while these calculations provide NASAôs 

best estimates of where these items are expected to impact the Earth, there is a level of 

uncertainty associated with these estimates because of the large number of variables associated 
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with each launch.  These variables include payload weight, wind, temperature, and variations in 

the performance of the solid rocket fuel.  These variations become even more pronounced the 

higher the payload or spent stage is launched from the launch site.  The biggest variants are 

thrust misalignment, which is a measure of how straight the rocket really is, and uncompensated 

winds.  This is the change in wind from the time it is last measured prior to launch until the 

instant the rocket is launched (for example, a wind gust).   

As a result, the predicted impact points have bands of uncertainty associated with them that can 

vary north and south (downrange) and east and west (cross-range) by relatively small amounts on 

a percentage basis (for example, 5 to 10 percent), but that end up being relatively large distances 

for spent stages or payloads that are predicted to land further from the launch site.  For example, 

a typical BBXII launch has a third stage that would be predicted to land approximately 

350 kilometers (220 miles) from the launch site with a 1-sigma
1
 downrange dispersion of 

approximately 38 kilometers (24 miles) and a 1-sigma cross-range dispersion of 27 kilometers 

(17 miles).
2
  Using these dispersion estimates, it is possible to estimate a predicted impact area 

within the ellipse formed by these dispersion factors.  The 1-sigma impact area for this example 

would be an ellipse with an area of approximately 3,200 square kilometers (1,235 square miles).   

Using a bivariate circular probability distribution, approximately 39 percent of BBXIIôs launches 

are expected to land within 1 sigma of the predicted impact point, 86 percent within 2 sigma, and 

99 percent within 3 sigma.  Expanding the predicted impact area to account for 2-sigma 

dispersion increases the potential impact area by a factor of 4, and expanding the area to account 

for 3-sigma dispersion increases the potential impact area by a factor of 9 compared to the 

1-sigma predicted impact area.   

Figure Gï1 shows the typical 1-, 2-, and 3-sigma ellipses for different distances evaluated as 

typical impact points for launches from PFRR within PFRR on White Mountains National 

Recreation Area, the Venetie Reservation, and Yukon Flats and Arctic National Wildlife 

Refuges.  These ellipses were used to calculate the probability of a payload or spent stage 

landing within these areas as well as other areas of concern that may reside within these areas, 

such as Wilderness Areas and Wild River segments.  Figure Gï2 shows the potential overlap of 

a typical impact point within the Beaufort Sea on the northern border of PFRR and polar bear 

critical habitat.  Figure Gï3 shows the potential overlap of a typical impact point within the 

Beaufort Sea on the areas where ringed seals are known to congregate during the winter months 

when launches are assumed to take place from PFRR and the potential overlap with sea ice out to 

200 nautical miles where ringed seals could be present during such launches.  Figure Gï4 shows 

the potential overlap of the typical impact points within PFRR on areas where caribou herds are 

known to congregate during the winter months when launches are assumed to take place from 

PFRR.  Figure Gï5 shows the potential overlap of a typical impact point within the Beaufort 

Sea on areas that are covered with sea ice year-round (sea ice in this region of the Beaufort Sea 

retreats until early September each year and then begins to freeze over again until it is hard up 

against the Alaska coastline during the winter months) (NSIDC 2011). 

                                                 
1
  Sigma or standard deviation is a measure of how much variation or ñdispersionò there is from the average (the 

mean, or, in this case, predicted impact point). 
2
  Since the launches from PFRR are generally from south to north, downrange dispersion refers to differences in the 

actual impact point along the south-to-north axis and cross-range dispersion refers to possible differences in the 
actual impact point along the west-to-east axis. 
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Key: km=kilometers. 

Figure Gï1.  Typical Impact Areas Within the Poker Flat Research Range 
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Key: km=kilometers. 

Figure Gï2.  Typical Impact Areas Within the Beaufort Sea 
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Figure Gï3.  Typical Impact Points Related to Ringed Seal 
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Key: CAH=Central Arctic Herd; km=kilometers. 

Figure Gï4.  Typical Impact Points Related to Caribou Herds 











http://nsidc.org/data/seaice_index/
http://ak.audubon.org/birds-science-education/arctic-marine-synthesis-atlas-chukchi-and-beaufort-seas
http://ak.audubon.org/birds-science-education/arctic-marine-synthesis-atlas-chukchi-and-beaufort-seas
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